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THE &N BETWEEN ACTIYE AED PASSIVE SLAR MEATING*

MSTRANT

The gap batwwen active sad parsive solar cowld hardly
b wider. The reasoms tor tris are i ased ead
rivem to marraring the gup are ssalyzed. Ten
yoars of axparieace 1a both active and passive 1ystem
sre reviewsd, including costy, fregeent problemt, per-
formamce prediction, perferusnce medeling, menitoring,
ond Coolimg comcerns. Tremds are saalyzed, both for
tolar wpace ket ing omd for smarvice wmter hegting. A
tndency for the active amd passive tacemologier to be
converging {5 cbterved. Several recosmracatiomt for
marrowing the Qap arv preserted.

INTRODCT ] 0w

Active and pastive solar hagti approaches have
tended to evolve wparately, driven by differen:
{ttue1, developed by differeat groups of people with
differeal outlooks. This teparation hat bewen detri-
aatal to both techmologiet becawie edch could bemefit
from a good wndmritanding of the oUmer. Recent dovel-
opments {m Um comtruction of building:, ammmly the
tremd towed mach Righer lavels of consarvation amd
towmrd acreated vie of matural lighting sre very
|Tortun. to the future of both act!ve amd passive
1olar, temdimg to (1wor solar ewergy 1ystess that
~ombime both sctive amd pattive fedtures. Herce, the
gap should be narrowed. The purpote of this paper {3
to explore the differences, (0 211635 Une wesinertes
and the adventages of cach approach, to amalyls the
tremdy, amd Lo draw coaclutiom at to appropriste
dlreclions. We certainly do mot with to further widen
the gap but through an Momest ditcwuition to Melp Dring
the different Camp1 together.

TEM YEARS OF EXPERICWCE W SOUAR SPACE COMDITICHIWG
Al though @ajor developamatl of sctive Lyttems preceded

that of pattive 1ystemt by sboul 2 yedrs, each hag
teen sboul | decade Of vigorowt e perimmntation,

J. Dowglas Baicomh
Lot Alamns Matiomal Laboratory
Los Alamos, Rew Mexico B7545

dmestration, eveluation, and ewlviion. mexy
problems heve bomn ¢l acovered and 0lwae, oftea
repeatedly by difforent groups ia differeat pleces.
Sut the {ssuet ond probiemss of active and passive
tystaws have temgsd to ba very differeat. Tedle |
Tists U kqy 1tamm. The Emjor 138us1 aad pevolamg
for sctive tand to o @imer omes f0r pasiive amd
vice-veria. Oftea advecitss of emm tecamgl -l v
a0t boem compl {@patary to the oUMWT, exploitinmg and
arspgeTiting wmaimiing.

T wochmologies mparated. Comferemces Usmesa L0
bocame tpecia’ 18¢, Uvote emphatiling active tystem
approaches wire atlended sainly Ly esgiesers comcers.-
{eg Chemtglvelr with smchanical isuses and pacikagea
Lyttemg,; Unote qnlulnnlpnuln \yystams gravitates
townrd architectural and {lger iatsrests. AltAouyn
both groups tsnded to learn from their mistaker, tnay
10lved their probless separately.

The buildimg of a solar imdwitry Dwcomm the prisary
Comcern of those workinmg with active tystemm . Tealir
eamphas(s WAt been on mmm facturimg amd tasting com-
pongats. Omly lip pervice was givea Lo i@pruviseg e
charactar(stice of Uwe building. That was comilaarea
as a fired load. Imdeed, mmay argued Lhal am advan-
tage of active {1 Uaat U euilding (Orm meed nOL ow
altered and Uhat Une buildimg accupant can go on
abliviows to e presence of Lwe 1ystiem.

WMgarahile, patt‘ve advocatcs relicmed Uva architeclur-
Al differences and tendnd to emphasize desiyn Iss oL,
e 1ow aary extremm solar designs fed uring ent e
touth facades of ?llll. Comporant avelopsr ( wat
restricted prismrily to sovable nigat 1-,dletion
devices and specialized heat 1torao- elemnts. Tne
campe’ilion between COontervation and passive solar
rtrategios wat evaludtad and much discussad. Al tnouygn
ective elemants ware frequentiy added Lo & pestive
bulldieg, tuch as & fan-forced rock bed or meal ais-
tribuicion sytlem, Uvele wwre ofLan poOrly deiined ana
were al@most maver evaluated,

PROBLEMS AMD ISSUKES
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Costs

Although the costs of active tystems wre ¢ ted to
dacrease with increased production volum, 5 never
really happened. Mamufacturing costs éid decreass,
but were more tham offset by the incredss cost
of dstridution. T 13 wmc then campounded by the
incressed cost of mrketing expensive systems. Cotts
mave skyrocheted, smd meny US samufacturers and dis-
tributors maintain that a solar industry camnot be
saintained without tax credits. Active system costs
in North Ammrica have ally bewn within the range
of $500 to $1000 per of solar collector ares,
although aany {matallations both sdove and below this
range can be found.

Passive systam cotts proved to be difficult to sepa-
rate from the building 1tself because passive tyitem
designers realized the cost advantages of meking
sdltiple use of building elemeits. The main prodiem
this caused was to frustrats the economists; the de-
signers paid 11ttle attention o the issue becaute
passive svetem costs Could easily be absorbed into the
building cost. Honetheless, soms incremental passive
lg costs have been identified. The range i3 from
$ of glazing for simply increa 1n¥ the size of
a south window to as much as $400 of glazing area
for a sunspace, but these are both wisleading. The
cost of direct aain should proporl{ include the cost
of necessary added mass {f the bullding intrinsic mass
1s not sufficieng; this might increase the cost by an
additional $50 or $100 of glazing. For a
unl{uﬂ genarally at least 2/3 of the cost can

be charged off against the assthetic and func-
tional valus of the room. Accounting for these ef-
fects results in passive system costs of $100 to

/nrof glazing, making them much more cost

effective than wost active space heating systems.

Frequent Problems

Other than high cost, the key problems of active sys-
test have been soor reliability, ifmproper installa-
t'nn, faulty camponents, and inadequate maintanance.
Many of the initial installations experienced all of
these. Problems with controllers and pumps have been
particularly notable and camape due to corrosion and
freexing have been frequent. Slowly, most of these
problems have been cured and contemporary installa-
tions are usually based on tested and proven ciwpo-
ments 1n tested and proven designs, Diligence \s
required to achieve & trouble-free system, Packaging
systems has proven to be the best approach to {mprov-
ing reliati{liy.

Passive systems have other problems. Many buildings
are poorly decigned ard do not work woll. This 1%
caused partly by the apparent simplicity of pussive
design principles and a lack of unders. nding of the
{mportant subtleties of good desiyn. A key prodlem
has been the tendency for many designers to rely en-
tirely on direct gain in buildings with insufficient
ar poorly placed tharsal sass for heat storage. The
rasult {3 discamfort due to large temperature swings.
Other common design errors are sunspaces with {nade-
quate summer sun protaction end Trambe walls with
excessive heat laaks to the outside. Passive design-
ers have rmully been slower than acti'we designers
to recognize their pinblems and to correct thea.

Concern ovor summmr overheating has boen a sejor {asue
for passive solar. It (s lmportant o note that this
concern has been a red fh' ratsed eore by speculative
fears and computer simulation than by sty demonstrated
roblea eparienced {n the field or from wonitcred
vilding results. Most conventional (sonsolar) build-
{ngs are very budly designed for summer comfort.
Pastive buildings, howmver, have been desi with a
much greater consclouameys of climatic factors and
nve 3 avoided many of the Ley pitfalls, such as
expored wit windows, and have al {nvariabl
i oD simmer then That ' Fontemperary
covntersarts. Even 80, 1t 13 stil) trwe mn pulln
Mativg elements con exwcorbate summey cooling loads,
ond darigmners in climates with hot summers should be

cognizect of the {ssue and design conservatively.

Performance Prediction

Techaical work on both active snd passive systems has
focused primarily on performance prediction witn an
emphasis on “”-a-n, annual eneryy savings. Uafor-

tunately, thermal ort has beeh much less analyzed.
Many of the same scientists have woried on Doth
passive and active evaluations and, tws, there is
somm comsonality betwsen the results. Hour-py-nour
simlation analysis has been the backbone of these
evaluations and the degree of confidence in the
accurecy of the calculations has been high. Tne
mthasstical models have been validated primarily by
comparison of pradictions with the results fros com-
ponent ests and test rooms. Correlation metnods,
which use results from simulacions, have been devel -
oped and are widely used vy designers, primarily the
F-chart mthod for active systems and tne Solar Load
Ratio mmthod for passive systems. These are amenavie
to hand analysis but are often 1aplemented on & aicro-
computer. Calculations are done montnly, but, witn
some 1038 in generality, the results can be tapulated
in easier-to-use annual performance tadbles for a
particular locality.

Perfcrmance Monitoring

Large-scale programs have been undertaken to monitor
and report the parformance of yroups of Doth active
and passive buildings. Many other individual duila-
$ have also bnen monitored. The recults nave peen

z u valuablc in providing important fesdack to

signers and confirming the good performance of
correctly designed systems. Early active sys-ea
installations were shown to be vife with desiyn and
installation errors. Passive systems tended to De
mre forgivin?. partly because the building trades
were sore familiar with the design elsments, out tne
good performance achieved could sometimes De traced
more to good conservation practice than to passive
solar design.

Cooling

The fdea of using solar eneryy for spsce cooliny has
been very popular, in part due to high solar availa-
bility just at times of yreatest cooliny load. A
great flurry of activity was devotad in the late i¥7us
to developing active space cooling systems. Tnese
generally have been closed-cycle designs using a
chemical heat pump, such as a LiBr chiller, or «
mechanical neat pump, surch as & Rankine cycle enyine
driving a vapor compression chiller. The yeneral
experience with those systems M3 Deen extrewmely
disappointing. They are nr{ complex and expansive
and the performance has usually been poor. One
{mportant measure of efficiency is the electrical
coafficient of performance (COP), which 18 the ratio
of cooling energy delivered by the iystes to the heat
equivalent Of the eiectricity consumed Dy the bystem,
For many of the designs, this COP hat Deen in the
range of 0.6 to 3 and for the be.iar designs 1t nds
been in the range of 4 to 7. By comparisnn, the
electrical COP of a conventiondl electric-driven vapor
resifon chiller 15 about 3 and advanced designs
could achieve 4. [t may well De that closed cycle
active solar zooling is a dead-end technoloyy,
although a few advocates contend that throuyh
design, performence could be increased to & COP of 1V
and costs reduced to e competitive.

Open cycle active solar cooling may offer mnre
promise. These usually use a desiccant, such as LIC)
or silica gel, which 18 concentrated usiny solar heat
in direct contact with the atmosphere, There {5 a
variety of designs, some of which have achieved an
electrical COP greater than 15. Development continues
at & slow rate to & yeneral disfllusiorment witn
acti're solar cooling.

Pasgive cooling 18 NOt ¢ solar mmloﬁ ]
strict cense; ver, 1ts evaluation aplements-

tion have been ocMovM primarily by researchers and
designers concerned with passive solar spece heating.
T™e most impurtant factor {s avoidance of solar cool-
ing 1oads by heeping the sun out of the buildiny when



cooling is required. The metheds o' ramoving hedt
passivealy are matural ventilation, rediation to thwe
sy, coupling to cool earth, amd evaporation. Vea-
ﬂ{nlm snd evaporation are oftan Rybrid (or active)
approaches in that & fan 15 vaed to achieve the
ésired levels of air motion. With the excaptiea of
evaporative coolers, thess tachniquey hawve lached, ond
1t11) Ypck, a solid smalytical basis, a) they
are all demonstrably effective under suitable climatic
conditions.

SOLAR SPACE HEATING--TREMGS AMD IMPLICATIONS

Batter Buildings

By far the most {mportant trend for both active umd
passive ralar space heating {3 not directly related to
eithar. It 1s the trend toward buildings with ver:
mich higher levels of consarvation., Beginning in the
Canadian plains and aleo in Scandimavia and then
spreading into the colder regions of the US, thets
buildings have came to be known as superinsulated.

The key features are hi levels of insulation in
walls, ceiling, and perimsetar, and nearly airtight
constryction of the exterior envelope. _Typical values
are R55-7 wall {nsulation (U = 0.14 wW/e C or 0.026
Btu/ft< h °F) and natural infi{ltration rates of less
than 0.1 air change rr hour. Indoor air quality is
saintained by controlled ventilation of at least 0.6
alr exchanges per hour, usually using heat recovery
from exhaust air.

The enerqy performance results from these buildings
have been impressive, confirmed by the moni<oring of
mny houses. Typical building total heat loss coef-
ficients are ip the range of 0.7 to 1.2 W/°C per

of fioor area (3 to 5 B-u/°F-day per ftZ of floor
area). In # building with heat 10sses this low, the
internal heat from people, appliances, machinery, and
11ghts provides a significant portion of the building
heat, often reducing the eanargy needed for heating a
residence by as much as 1/3. The internal hea. raises
the 1n3ide temperature by sbout 6°C. The effect 183 to
shortan the huu?g season and to reduce the integral
of heat needed. 1t reduces the oparating time and
the cost effectivenans of any swlar space heating
strategy, either active or passive, howmver, it does
increase the fraction of the 1o0aa that 13 satisfied by
solar.

Another {important effect of superinsilation s to
reduce the peak heating required ang thus reduce hoth
the size and COIE of the back-up heater. A typicel
tize for a 110 m¢ building with a 40°C dasign o7
would be 4.4 kW (ompared with heating plant in a con-
temporary house of 25 k. This has profound uffects
on our normal thinking about the nature of the back-up
heater, The need for distribution of heat to every
roam may be reduced. For exmmple, natural convection
through an ordinary doorway !1 1 provide sufficient
heat distribution for an 8 mé room, assuming a 2°C
temperature difference between roams. Of course, the
door must be open most of the time for this to be
eoffrctive. 1t becomes feasible {n many cases to rely
on naturel convection for the bulu of the heat dis-
tribution and to rely on smal) electric zone heatars
for fine-tuni camfort control. Back-up heat can be
reledred at only two or three carefully chosen places
in the building, greatly reducing the installed cost
of the system,

Another {mportant related trend {s windows with Jower
heat loss charactaristics, oftan called super-
glatings. Heat lots coaff{ctents (U-value) in the
ranys of 1.4 to 1.8 W/°C mf are achieved throurh the
use of special coatings applied either to the glass or
to plastic films suspended between double glass
Tayers, Two types of coatings have been uted commer-
clally, Tow-emittance coatings and high-transaittance
coatings. The formmr are used to greatly reduce heat
transaission by infrared radiation, The latter are
veed to build up multiple glazings (usually four)
without unduly increasing weight and cest or unduly
decressing solar tramamittance. The reduction in
tranmmittance of low-emittance coatings {3 significant
in same cases, offsetting the benef1t of reduced heat

Tess in pascive selar lications. A tuporigmt
wamefit of these u‘:l 15 W incredse thw
inside surfice tampers e vindew and ts Uere-
fere greatly improwm the therme) camfnrt of the Duile-
ing and 2150 t0 redaxce Whe Wmidency fOor wmtar vaper to
condanse on the wimdow surface.

Thase obserations brimg o impertant questions:
how far will the swperimsulation trend extend, ane,
how will 13 effect solar enargy @sigR? ue expect the
trerd to continue and to wataftd to varwer climates.
This is already happening. 1t may also extamd W cow-
mercial buildings, although the design 1ssues are
wite different. [f thm objective 18 to eedigh miila-
imgs with guod thermal integrity, then solar muet fit
irto the scemerio of owildings with much wetter con-
servation levels, Owe reason 15 that this 13 the sost
cost effective anproach, the many studies that nave
been dome show thut the ecomomic optimum Dalance
between passive solar and conservation leads w hiynh
con_ervation levels, especially 1A coid climates or in
cloudy climates, and to supsrinsulation values in
climates that are both cold and cloudy.

One effect of better buildings is that solar aystems,
Tike back-up heaters, thould becoms smaller. Tnis is
a major benefit in that 1t reduces cost and increstes
architectural freedoc. Also solar emeryy aittrioution
can be eore 1ocalized. Tna s0lar aystiem Can, butl dGoes
not necessarily ieed to be integrated witn the Dack-up
tystem,

Commercial Building Issues

The ener 1ssues of commercial buildings are usually
very different tran for residences. Epergy used for
1ighting {s often 1/3 of the tcta)l and anotner 1/4 may
ba needed for cooling, in no wmall part due to tne
internal heat generated by the lights. Tne ener

used for haating is usually a ssaller fraction of tha
tocal, except in the most severe cold climates, An
{mportant solar application 1s the use of solar radia-
tion for daylighting, and there 13 a rapidiy in-
creasing emphatis on the use of this technolegy,
ATthough 1t 1s quite far afield fros what most solar
technologists hive considersd as solar eneryy. The
most direct enerqy effect of daylignting 11 to recuce
the electrical enargy used for lights. Tre timing s

-’ood because most commercial buildings are l,’”‘"“’
aor

daytime use. However, it 1s well eutadnlisned that
oSt bu1\d1n? OCCU?IHII wiil rot turn off artificial
Tights even 1f daylight s available and, this, eneryy
can only be saved 1f t.ere i3 an automatic contrcol
system to belance artificia) light with availaoia day-
Tight, 1t is also well astablished that cooling
enargy can aleo be saved by use of daylignt oeceuse it
is more evficient (1eds heat for the seme amcunt of
11ght) than fluorescent 1ights, which are themselves
such more efficient than incandescent ifgnts. HOu-
ever, the design eust be ~ery carefully ?nuunua or
ti4 potential energy benefits will not te rcaiized, in
fact, a poorly exacuted daylit tullding may use more
energy.

{n the US, electricity charges for commercial pbuild-
ings are usually based on pesk dessand in addition to
total consuwption, ODaylighting can De usnd to yreatly
reduce peak desands, which most often occur in sunny,
hot weather when daylight s most availadble,

The whole sat of enargy issues relating to comsercial
byiloings 1s very complcu and depends on many factors,
{nciudin bundihaot,yr, occupancy patterns, location,
and NILRQHCI. clear design process thet ieads to
the best lwnd!ng has vet evolved, however, 43 in
rezidential buildings, there are sany examples in many
climatys that hMve Gemonstrated energy use regdire-
=ents of enly 10 to 259 of contemporary bulldings.
Extra costs for the mrﬂuunng features are usually
offert Dy reductions in installed cost of the
heating, ventilating, and air-conditioning equipment,

A popular Ussign feature for commarcial buildings 1s
the use of an atrium. The atrium is strongly caylit,
and this 1ight source can be vsed in the Bpaces
adjecent to the atrium, the heat can also oe used when



nosded. As in al) passive solar duiru, the desi
mst achiove on appropriats phasing of the availabili-
of solar enmergy and 1ts meed 1n the building.
#, 1t 18 no coincidence that passive solar design-
ors have bewn on the forufront of the trend toward
mre efficient cammercial buildings.

rid System

There i3 & trend tosward designs that are not purely
active solar or passive e~lar. One example it an
active collection and lt:«nr system with passiva dis-
Lharge, such as an air heating collector with fan-
forced flow th hollow core concrete, concrets
block, or brick floors, walls, or ceiling e¢lements of
the building. Heat distribution {3 uncontrolled; the
wermed surfaces simply radiate and convect to the
buﬂdin?. Tamperature swings must be kept small, but
the efficiency can be quite high because the collector
is operated only slightly above the comfor” rone tems-
perature, C(Camparable systems using water as the dis-
tribution fluid have also been built.

Another example 1s a design that is largely passive
solar but with some active distribution, such as the
cammon practice of using a fan to assist distribution
of heat to the building, perhaps using the sume type
heat storage in hollow-core building elements men-
tioned above.

The experience with these hybrid approaches has been.
mixed, Many have been properly designed and have
worked well, others have either worked poorly or have
ceused discomfort, often because the heat storage mais
i3 inadequate and 13 too closely coupled to the build-
ing.

SOLAR WATER HEATING: TRENDS AMD IMPLICATIONS

Service water heaters, either for domestic hot water
{n residences or for cantral aystems used ir applica-
tions such as hotels, laundries, or car washas, are a
special case and deserve |poc1|'| attantion. These
represent by far the largest number of solar heating
applications worldwide and are the basis of the solar
industry 1n most countries.

There are parhaps as sany as 5,000,000 solar water
heaters 1n use today. Most of these would be classi-
fied (at least by some) as passive systems in that
there i3 no external energy required fo- their opara-
tion, that {3, no pumps or controls. There are about
oc.udI nusbers of rwosiphon and integral (batch)
systems, with thermosiphon types gaining in popularity
becausa of their superior performance. In many
countries with mild climates, the systemt have no
overt method of freeze protection, but the trend ia
definitely toward wystems with protection against mil4
freezing, and, in some designs, very savera freeling
conditions,

There are strong solar water heater industries in many
countries, most notably in Japan, lsrael, Greece,
Cyprus, South Africa, Australia, and Canada, _In most
cases the install«d cost of a system of 2-4 ml col-
lector area will be between $800 and $1500.

The US has taken 2 very different pattarn of develop-
mnt, Mearly all the installetion. {n the 19708 were
active systems with the tank located in the house and
the collectors on the roof. Many approaches have been
daveloped, the most prevalent being drain-back and
drain-down systems, using water in the collectors, and
two fluid systems, most often uting z\yco\/nur 1
the second fluid. MHest uchm?e to the potable water
tank 13 either through a cof) 1n the tank or through a
heat eschanger externdl to the tank, After many ini-
tial probiems, the industry has established ¢ fim
base, manufacturing and distributing a variety of sys-
tems in which a)l components except the collector are
pachaged together. cost of a system in the US,
with a collector ares of 4-8 m2, wi1l be in the

ra of $3000 to 38000. Much of this cost 1s asso-
cla with the extensive marketing techniques used.
Tan credits offsat 40-90% of this cost, depending on
the particular state whare the yystem {3 1natalled,

More recently, thare has been & itrong tremd toward
development of passive thermosiphon and batch heaters
in the US and brands are now oarketed. The par-
forsance of the reosiphon systeas is comparadble to
900d active systems. Many of the batch heaters dlso
perfors quite well due to extreme 1solation froam tne
eAvirommmnt by weans of thick {nsulation, multiple
glazings, and selective surface coatings on the tank.
Most systems are advertised as pre-heaters for a con-
vantional hot water tank located within the nouse.

Freeze protection i3 almost 2lways a major issue in
water heaters, not only in the collector, out for all
pipirg and fittings exposed to outside temperature
conditions.

Freon Systems

One trend warrants particular note: syftems that use
Freon as the working fluid. The fluid 1s boiled in
the collector and condenied within tubes located in
the water tany, resulting in neat transfer at very low
temparature Aifferences, which leads to improved 1ys-
tem efficiency. Moreove-, Freon has other desirable
preperties: {1t 1s not corrosive, does not cause
freere demage, and does not result 1n extreme pres-
sures at high temperaturcs.

As with other water heaters, thare are two principal
configurations of Frvon systems. The first operates
in a pasiive mode: the water tank 13 placed above tne
collector, heat transfer 13 by a gravity-assisted neat
91?0 action in which the Freon liquid poils in the
collector tubes, the vapor rises in this tuoe and con-
denses in the upper portion in thermal contact witn
the water in the tank, and the condensate then flows
back to the collector by gravity. One manufacturer
q'loys Freon-g2, which has a critical temperature at
96°C. This is an effactive safety measure oeCause
heat transfer stops at 95°C and thus the water in the
tank cannot be heated above boiling. The collector in
this glrucuhr case is an evacuated tuba capable of
very hiyn tewperatures and thus the precaution is par-
ticularly appropriate.

The seconc type of system that has evolved is an
active systed using a small pump to raise the conden-
sate into the collector, thus enabling 1t to be placad
at any height apove the water tank, ?M pump nced not
operate continuously 1f a small reservoir is placed
above the collector; the parasitic power required is
extremely sma‘1, VYery high daily efficiencies have
been obtained, in excess of 501, because tna cullector
18 operated at the coolest possible temperaturs, peiny
always flooded w'th liguid.

Thers 13 a third category of Freon-based sysi\sms that
is now undar deveiopmnt. These are self-numping
designs, that s, systems in which the colliector can
be g aced above the water tank. The pressure creatud
by boiling Freon raises tha condensate to the col ec-
tor. One type oparates continuously using e LUDD)s
ump action or a yeyser action to 11f: the Viquidg,

ver, the 1ift that has been achieved ‘3 only anout
} mater. This type may be suitable when tie co!lector
and the tank are at about the same level. Tne sacond
type of system operatas cyclically, usually witn ¢
cycle time of 1 or 2 minutas. During one part of the
cycle the pressure of the boiling Freon forces the
Londensate upwards into 4 reservoir above the collec-
tor. A valve {s then opened that aliows the VYiguia in
the reservoir to drain into tha collector. The valvo
i3 then closed and tha cycle repeatr. Designs of this
type have been patented in ltaly, Israel, Aryentina,
and tha US. The velve ran be automatic, u|1n? a float
valve principle, and thus no externd)l enorgy 1s re-
quired for operation. The system is potentially very
reliable ’unc efficient, and can operate with a
height dltference between collector and tank of many
maters, although efficiency doar, decrease as the
height difference increases.

ANALYZING THE QAP

The message that emerges from the foregoiny discussion
13 that tha gap between active and passive solar i



sids ey required gvd eir aperetionm | .
However, they ary certsinly mohenical in "etse o
e BullS with orediticnel sctivwe sysUSS compomnts by
wctive solar practitiomrs, The distinmction bertwe
sctive and pasgive {3 sot Twportant in this exumple,
end 1t 13 fruftless amd dlstracti ™ purwes 1T,
Thess syytamm will mot msccasd or Feil busgd om our
clasgification schemmt.

Unfortunataly, even Chowgh the tecimologies of active
ard pas<ive solar mmy bo comverging, s doss not
man et UW gap betwest! Om prictitioms of thess
two technologies 11 getting marrows:. Thare are true
philosophical diff-rences of approsch that separata
thesa gruups. [t {s not quite w0 siwple as 0 axy
that active practitioners aru oftan enginesTi and that
pastive prectitionsry are often archnitacts, but this
tandency 14 clearly presant, Mor 13 1t s siwple as
0 1y that sctive systam detigners tend to complicate
designs, &dd unnecessary mmchglical comporemts gng
contrals, snd analyze the performance in exquisita
detail while passive solar dmsigners tend to ower-
1implify, are ganerally ignorant of the charsctaris-
tics of machenical systems, end ignore quantitative
analysis, althoygh these tandencies alsoc exist. Per-
Raps the mott talld obsarvation |s Thet passive
Assigners tand t rely on natural procescas and meni-
wi1e the integration of the systam into the building
architecture, while act!we designers tand to wistrust
natural processes and saximize the fntagration of
their equipwent nto the bullding mechanical plant.

fach group hay much tc gein from a Detter understand-
ing and a closer cooparation with tha othe~. FEach
approach has distinct advantages and through a bdlend-
ing Jf the best charsctaristics, better systess and
bettar designs can rusylt.

37ending the Best Featuras

The ey strengths of active solar design are flemi-
bility fn intagration into the duildi.g, reduction of
heat 103341, and controlladility. The key strengths
of passive are high cost effectivenass, relisbia oper-
ation, and simplicity. [mproved new syitem desi,ny
will combine thass attributes.

The next step {3 to systematically analyze the reasons
why frequent prodlems for one approsch are minor prod-
lemi for the other, Here it {3 useful to refer beck
to Tebla [, where these are listed. we will follow
the same order in the following discussion.

Poor Reliability. This has Been a prodles for active
ecwie o r temparatures, ute of ‘ncompetidble
mitarieols, and complex de3ign. Relisbility nas not

besn g major problem for pasyive Decsuss most of the
elemnty used dre more famillar to the Duilding
trades, tha problem sreas have long tince bdeen worted
out, and because '™ pwrstion it simpler, Her the
active dett rs sy profit by using lowsr tewpers-
tures, simplifying the design Lo the Darest essen-
tialy, and choost componants that are mearly fail-
tafe, resdily aveiladle, and for which failures are
asvily detected. Often passive compomants can D4
whstituted for active campoments, for exmmle, 3
float valve :an Le used ingaad of 8 solencld velve,
or natursl convection flow through & Meet eacMnger
aight de vsed Instead of forced comvection, Mlla-
var.{ tohes tima ond expearience ts work ewt. This
nas slresdy Rappened to a grest exntewt, end U prod-
Tem 13 diminishing,

Poor Design. This Pas bewn a prodies for pessive
ouste attantion is often paid te correct
siring of solar collection and Meet storege end to
IMVy1ing haw the tystem will raspond undar &l] pess!-
ble conditions. By comirast, ective Lyslm -T‘r"l
have Deen much more coneciantious 1n teeir analylfs

d the dusign 13 more repdtitive, therefore, once Uw

ba wporiiod of 1Tty mew imteried fumction. Mtive gp3-
tam derigner srv usually quita familier w U, Gwse
Tsauas end Temd 0 B e accampliched in spel g @
tmir propar execution.

Tha second area of assistance i3 in snalysis, Meny
passive and passive-Mydrid system we MOt aisuuataly
evaluatad prior to comstruction. Tha freguant result
is instprop-iets Jystes siring and fer-frus-optiess
cwoice of system eTements. [T i3 expecially trua for
wined desigm, such as & mix of Trosgm wall ang qirect
3ain, that thm passive awsign could penefit from a
thoro evaluation. Similation analysis is quite
effective for 3tudying thass imcarscti~ns and alio for
studying the intarsction petueen the solar yyitems and
the building contrals. But simulation is a special-
11ed tacmical subject inwalving sophisticateq Camput-
or codes with coamlexn inpyls, morey ammnadie o
engimears and sciemtists than to the typical ouiiding
dasigmr. A kay prodlem {s that snalysis aney not fit
corfortably into the dmsign prucess. [t 11 oo
Tabarious and slow, too nummrical and nat wufficiently
graphic. The timm betwsan asiing Tne quas-ion and
cbtaining an gnswar i3 too long. wWhen the anuwer 13
obtained, 1t !'s usually not easy to reiate it wW
better jesign decisions.

Poor Performance. As indicated, this nas Deen a minor
probTam Tor Goth active and passive, Dut far giffarent
rewsons. WIith activwe systems the Druoiem mosC of ten
develops becaise the 1yt1tem controls oo not Operaty as
intended, an indicstion thet the design evalugtion nas
not Deen pufficiently thorough. With passive, tne
probiem 13 ucually excessive heat leaus or the use of
e inappropriats tystes for The cliimats. Tna sglutian
for Doth grw?s 1= %o do sore analysis ansad ¢” timm
and to carefully monitor and underitand the parfore-
ance of .t least ome installatian. The solutions willi
usually be fairly ouvions.

Anothar ieportant consideration i3 to dasign selar
enargy systems that fit wmll into the situation in
which thay are t0 De used. The ‘ailyrs to do tnls
explaing why some active Lystems and some paisive
tystams Nave not Deen well acceptsd Dy residential
occupanty The active aystems are too camplex end
require the cwner to understand the system in oruar o
assure proper operation and maintanance. TRe passive
systams had L diffarant prodles, They ﬂ?ﬂud the
MOUSE OCCUDaAnt to malle meny adjustumnts, for example,
the operation of night {neulation or vents. [n Dath
ceses the systam usually fails to operats prorru
becass the dusigner Mas 1mposed upon the Duilding
occupents Deyond their capability or willingmness to
cooperats. The seme conclusions Mave Deen reechned in
the monitoring of daylighting schesws that rely on
uter cooperation.

lag_ﬁ; Installstion and %Frnnm. This DS Dean o
[] an Tor sctlive a2 Tallure W under-
stond the nacessity fer unrinq systams that Can O
correctly imswalled by normel Dyildi tredes without
o unreasomsblie level of training. solution toQ
oftam Mas Deer. 10 Dypass the convemtional Oyilaimg
tradets and train specialists. This inCresses cotls
ond greetly reduces wids-1cale scceptance. Passive
s vie mOre conventioms) Calipenenis ong ~here
prodiems heva arisen, 1t i3 usedlly Decowse of o
depirtuore frum W3 practice. The solution s W wse
Compeneris Lhatl sre either fully wngaritose, are fully



packeged g0 that the installation 13 straightforward,
or have very standardized design details. For this
reason packaged thermosiphon water heaters havas had
Yess insta)lation problems than distributed iystams,
and Tromabe walls without thermocirculation vents have
gemerally worked out better than those with vents and
their associated closures.

Discomfort. Except for the back-up system, passive
dar1nd ire uwally free running. Excursions out of
the camfort tone can be expected unless the desi is
very carefully thought out and sufficient thersa
storage is provided. Summer comfort must receive as
much attention as wintar comfort. uell dasigned
active systems have fewer problems of this nature
because heat storage 13 usually thersdlly isolated
from the building except when heat is needed. Usually
the problem with the passive design can be cured by a
more careful design, os discussed above, or, as a
second choice, by some active system intervention.
Howaver, 1f an active route 13 chosen, 1t must be
proparly designed and installed.

Many pastive systems have superior comfort character-
1stics, such as an unvented Trambe wall or an under-
floor rock bed or block bed, while others have poor
comfort characteristics, such as large areas of
exposed glass that may be very hot in the day and very
cold at night. This subject has been mentioned by
many but {s far from adequately analyzed. Much more
comfortable passive buildings would result if proper
account ware taken of these i3sues during the design
process,

High Cost. High costs can be attributed to a variety
of causet, mott of which have been alluded to already,
and costs can ba reduced by following many of the
suggestions that have been made. One factor that has
not beon discussed 13 the economy that is realized due
to making multiple use of the same componsnt. This is
a major consideration in passive solar designs, many
of which would not otherwise be cost effective. [t 1s
not clear how this principle can be applied to many
active systems, but one extmple would be to comdine
domestic hot water and spece heating storsge. It is
also usudlly true that simplifying the system will
reduce costs, and care must be taken that multiple use
neither compromises performance nor complicates the
design.

Rt OMMENDATIONS
Imp vad Communications

The @\ +inp between active and passive solar practi-
tioners can certainly be improved. With better
comunicotion should come a better understanding of
the advantages and disadvantages of each approach, &
willingness to admit problems, and the stimulus to
1ook beyond traditinnal solutions. This shodld enable
system desi:ers to narrow the gap between active and
patsive, as - scribed in the discussion above, which
should resull n better ard wore acceptable designs
and systems. «proved ccwmunications should be an
important benei .t of the recent decision by the
Mmarican Solar Energy Society to co-locate their

anrual and passive sola~ conferences, starting in 1986,

Aesthetics

Both active and pasiive solar designers should pay
more attention to aestivtics. Too many srnlar build-
1n?| are ugly. To anchieve widespread acceptance,
solar must becoms more mainstream, more conventional,
wore desirable. The appeal of mhr must be based on
wore than enargy savings to succeed in a world that
has tettied !ng w post-crisis atiitude about energy.
The most obvious avenue 1s to create a ccniumer demand
for solar, based partly on issuss ocher than energy.
The ideal would be achieved when solar and enerqy-
unns: characteristics become important secondary
considerations 1n the decision to choose a system or &
design approach, To some extant passive soler las

¢an able to achieve this as evidenced by the popu-
arity of sunsparias in the residential marketplace and
atria in the commercial building marketplace. But

assthetics oust be tampered by a constart determina-
tion not to sacrifice performance in the process or
t'e result vill be just another passing fad.

Comfort

One way to achieve corsumar demand is to oe sdle to
deliver a more livable indoor enviromment both visual-
ly and in terms of thermal comfort. (his requires
stable temperatures, absence of cold drafts, and &
comfortable mean radiant envirorment. The super-
insulated buildings described earlier not only use
less enargy, but they are for more comfortable. Solar
energy can aid comfort by adding stable indoor surface
temperatures and by improving comfori controls.

Yisual comfort can be improved by proper use of day-
1ighting.

integrated Water Heating and Space Heatig

The trend toward better buildings pro~' fes another
opportunity for solar systems, As mentioned previous-
1y, the system can be made smaller and the heat dis-
trioution more localized, reducing systa first cost.

One example >f such an integration would be to enlarye
4 s0lay domestic hot water heating system to provige
some 3pace haat, perhap; doubling the norwmal size.
Selar water heaters art wore cost effective than space
hedters, given the same system costs, because they are
used year around and thus the annual enargy savinygs
ars greater. Because the fixed cost 13 already paid
by the water heating function, adding collection area
t> ba able to achieve some space heating can be done
at a low incremental cost. Increasing the load by
adding spice heating will increase the neat yield of
the larger systewm because temparatures are reduced, o
key factor during cold weather. Distribution of space
heat can be at one point in the building, simplifying
the system and helping to reduce coits and increase
reliability,

Passive 1ystem options that integrate water and space
heating have also been used successfully, onc exampie
is the placement of a water preheat tank or preheat
collector in a sunspacy. Further development alony
this path may prove fruitful.

Passive Design Assistance

There are two solutions to the problem of inadequate
analysis of passive systems. Th~ first is to form
interdisciplinary teams of architects and engineers
working together. This nas proved to be effective in
large architectural firms =orking on ¢commercial ouilid-
ing design where the budget can support an extended
dnign effort, but 1t f» not so effective for smaller
buildings. The second solution i3 to streemline tne
analysis process. This can bast bs done by re-desiyn
of the computer analysis tools, saking them run faster
and making them easier to input and more graphic in
their output, The output should also oe more instry -
tive, that 13, more directly inforsative as to the
implications for design decisions, We are just
beginning to embark on an era of computer pro\;rn
developsent fo~ the new gensration of powerful saall
computers. Their success will depend criticaliy on
the design of the user/computer interface.

Occupant Participation

It s generally much better to design assuminy a mini-
mum participation by the occupant in the operation of
the solar enargy system, One should also design o
that the cystes can be used by any occupant. Most
buildings change owners at least once and & secord
owner may not be apprised of operation and maintenance
Nrﬂrv-nn. Ronters and second owners should not pe
Teft to use a system that they cannot undarstand or
cope with, Most people don't expact to need an
oporaun? manual for a houne, and such instructions
are usually misplaced aftar a while. A passive syitem
should ba designed to ~equire virtually no ative par-
ticipation by the user, an active systes should be
easily undarstood and repaired by any plusber or
nlactrician,



COomCLuSIO0w

The wide gap Detwees active «od passive solar i
detrimpntal in That it tends to obscuryd opportumities
for batter “l'r’l of both types of systams. while a
11ttle campetition can ba health,, pudlic competition
between active and passive solar tends mot to be. The
reai competition 13 ot other solar systems but the

challenge offered Wy a public largely gyupatmetic te
solar emeryy byt a0t yet syfficiently cerviaces.

Bacause there 13 mo @ reesca thit e¢itmer aa
active or patsiwm s suptrior in the Getign
of solar aystems, mefther should accept tasee as
artificial soundaries, bt tasara the best com-

dimation to fit exch situation.



